The domestic environment can be a source of pathogenic bacteria. We show here that domestic shower hoses may harbour potentially pathogenic bacteria and fungi. Well-developed biofilms were physically removed from the internal surface of shower hoses collected in four locations in England and Scotland. Amplicon pyrosequencing of 16S and 18S rRNA targets revealed the presence of common aquatic and environmental bacteria, including members of the Actinobacteria, Alphaproteobacteria, Bacteroidetes and non-tuberculous Mycobacteria. These bacteria are associated with infections in immunocompromised hosts and are widely reported in shower systems and as causes of water-acquired infection. More importantly, this study represents the first detailed analysis of fungal populations in shower systems and revealed the presence of sequences related to Exophiala mesophila, Fusarium fujikuroi and Malassezia restricta. These organisms can be associated with the environment and healthy skin, but also with infection in compromised and immuno-competent hosts and occurrence of dandruff. Domestic showering may result in exposure to aerosols of bacteria and fungi that are potentially pathogenic and toxigenic. It may be prudent to limit development of these biofilms by the use of disinfectants, or regular replacement of hoses, where immuno-compromised persons are present.
INTRODUCTION
Water supplies in domestic environments have been the focus of studies into transmission of opportunistic infections with environmental organisms, usually in people who have a com- (Thomson et al. a, b) and demonstrated infection acquired from aerosols of this water (Falkinham et al. ; Thomson et al. a, b) .
O'Brien et al. () have suggested that our increased tendency to shower has contributed to a rise in NTM disease.
In contrast to the significant body of knowledge surrounding the bacterial components of domestic water system biofilms, there is currently a relatively limited understanding of the fungal members of these communities and none of the previous studies of shower systems have included detailed analysis of fungal species.
We have used culture-independent methods to investigate the bacterial and fungal diversity of biofilms recovered from domestic shower hoses, revealing the presence of several genera or species that represent a risk to immuno-compromised hosts. 
MATERIALS AND METHODS

RESULTS
Confirmation of predominant constituents of domestic shower biofilms
Following bacterial 16S rRNA gene amplicon pyrosequencing, more than 20,000 reads were obtained from each sample ( Table 1) . Analysis of these reads indicated the presence of between 62 and 79 OTUs per sample, at the 97% sequence identity level (Table 1 ). Taxonomic classification showed that all bacterial communities were dominated by Alphaproteobacteria followed by Actinobacteria. Bacteroidetes related sequences were only present in the NW and Fife samples ( Figure 1 ). All communities were dominated (47 to 80% of the total population) by sequences closely related (99-100% identity) to two Alphaproteobacterial species, the rhizobial, N 2 fixing Bradyrhizobium japonicum and the photosynthetic Blastomonas natatoria (Table 2) .
Sequences were also related to aqueous or soil Alphaproteobacteria, including Novosphingobium sp., Sphingopyxis soli, Sphingomonas species and Porphyrobacter donghaensis (Table 2) .
Samples NW and Fife were characterised by the presence of sequences closely related to two Mycobacterium gordonae strains isolated from gastric lavage (25.2% and 16.2% of all reads for each sample, respectively; Table 2 ).
In contrast, 11.6% and 1% of the reads from the SE2 and SE1 samples, respectively, were more closely related to M. mucogenicum N248 ( (Table 3 ; Figure 2 ). The majority of the fungal pyrosequencing reads from the NW and Fife samples (89% and (Table 3) .
OTU clustering analysis ( Figure 3 ) and taxonomic classi- 
DISCUSSION
The environment around us hosts a significant number of microbes and, in domestic settings, it is suggested that the 
CONCLUSIONS
Previous studies have extensively catalogued the bacterial populations associated with showerheads and shower curtains, and our data corroborate these findings. Ours is the first study to describe in detail the fungal community members, some of which give cause for concern. Although our findings from a small collection of samples are preliminary, more detailed investigations are justified. The role of different shower water supplies (e.g. tank vs mains feed) and
shower hose materials should be established. The impact of frequency of shower use on biofilm populations and the rate of biofilm accumulation should be investigated. We support the suggestion in previous studies that potential pathogens residing in shower hose biofilms will periodically slough off the inner surface, being released and distributed in shower aerosols ( 
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